Federal policies related to forestry and forest health (specifically, insects and diseases) have the potential to affect management practices, terms of international and interstate trade, and long-term sustainability and conservation. Our objectives were to review existing federal policies, the role of federal agencies in managing forest health, and guidance for future policy efforts. Since the 1940s, various federal policies relevant to forest health have been established, and several US Department of Agriculture (USDA) agencies have been empowered to assist with prevention, quarantine, detection, management, and control of insects and diseases. Overall, our review showed that relatively few national policies directly address forest health as a stand-alone objective, as most of them are embedded within forestry bills. Federal funding for forest health issues and the number of personnel dedicated to such issues have declined dramatically for some agencies. Concomitantly, native species continue to gain pestiferous status while non-native species continue to establish and cause impacts in the US. To enhance our ability and capacity to deal with current and future threats, concerted efforts are needed to advocate for both resources and stand-alone policy tools that take seriously the complexity of emerging sustainability challenges in both private and public forestlands.
Introduction
Natural and planted forests encompass~300 million hectares and~32% of total land area in the US. [1] . Of these forests, 56% are privately owned and the rest are publicly owned, that is, managed by local, tribal, state, and federal governments [1] . The western region contains the majority of the country's public forestlands, managed for a mix of uses including timber production, recreation, and conservation, while the eastern US is dominated by private forests, some of which are heavily utilized for timber production [2] . This leads to vastly different management goals, objectives, and approaches especially under variable political conditions. However, a common goal for these various types of forests across the nation is to maintain their long-term productivity and resilience, as demands and pressure on resources grow with time.
America's extensive and diverse forests, including those in urban areas, provide a basis for multiple uses, including but not limited to timber and fiber extraction; non-timber products; recreation; wildlife habitat; clean water, soil, and air; and carbon sequestration, and are of high economic values to local communities, worth billions of dollars each year [3] [4] [5] [6] . Further, US forests are rich repositories of local biodiversity with thousands of endemic plant and animal species-many of which are critical to maintaining extant forest processes and patterns [7] . For example, fire-adapted pine species such as 
Background and Historical Context
Forest managers may treat native and non-native insects and diseases alike, viewing both as equally unwelcome invaders whose presence should be minimized or eliminated. Contemporary understanding of forest dynamics, however, suggests that native insects and diseases can play important roles in stand dynamics, nutrient cycling, and the creation of stand-and landscape-level heterogeneity and that some control measures may have reduced overall forest resilience [31, 32] . At the same time, the unprecedented scale and impacts of recent insect outbreaks such as the mountain pine beetle (Dendroctonus ponderosae Hopkins) in the Rocky Mountains, the American Southwest, and the Sierra Nevada, and southern pine beetle (Dendroctonus frontalis Zimmermann) in the northeastern states point to the importance of both climate change and forest conditions in driving insect activity outside of historic patterns of variability [17, 25, 32, 33] . Such impacts from various native bark beetles are estimated to be 5.2 million ha of tree mortality in western forests between 1997 and 2012, and these eruptions continue to occur each year [34] .
The continued establishment and spread of non-native forest insects create additional impacts and damage to those created by native insects. For example, [35] estimated that the annual cost of wood and phloem feeding non-native insects alone includes at least $1.7 billion in government expenditures and $830 million in household expenditures and residential property value loss. These economic values are an underestimation since loss of ecosystem services such as cascading impacts on native biodiversity and changes in stand structure and attributes, soil, air, and water conditions are rarely quantified. A greater emphasis is being placed on ecological impacts in recent years for restoration purposes; for example, many more studies exist on ash tree dieback since the 2000s (summarized by [36] ) than on the loss of elms and chestnuts (Castanea dentata (Marsh.) Borkh) since the mid-20th century.
As our collective understanding of forest insect dynamics advances, policy tools and mandates informed by high-quality scientific information are essential for sustainable forest management [37] . Public policy has a central role to play in managing forest health, for several reasons. The first is that the cross-boundary nature of insect movement and impacts presents a collective action problem to which individual landowners are unlikely to respond effectively in isolation [38] . Public policy creates a coordinating mechanism for research, monitoring, and action on insects and their impacts. Second, the federal government is the nation's largest forest owner via the National Forest System, Bureau of Land Management lands, and other land management agencies. Some of the largest and most destructive insect outbreaks in recent history have occurred in western mountain regions dominated by federal ownership [17] . Third, public policies govern the detection, prevention, and management of non-native forest pests and pathogens that enter the country through the pathway of importation of goods. Finally, the federal government has had a longstanding leadership role in research, monitoring, and treatment for both native and non-native insect and disease species across ownership boundaries, as detailed in the following sections.
Role of the US Department of Agriculture (USDA) Forest Service
The mission of the USDA Forest Service is "to sustain the health, diversity, and productivity of the Nation's forests and grasslands to meet the needs of present and future generations" [39] . Linked to this mission is the wise stewardship of forests through conservation, protection, and management using the concept of multiple use. The USDA Forest Service also strives to provide technical and financial assistance to landowners and foresters (both nationally and internationally), and develops technical and scientific knowledge to further enhance its mission. With such diverse objectives, the USDA Forest Service has had a major impact on our nation's forests at many levels.
Federal forest insect policy reflects a longstanding model of public-private cooperation in which the federal government provides technical and financial resources for treating both native and non-native forest insects and diseases across ownership boundaries. Federal agencies and federally funded scientific research have been central components of managing forest insects and diseases in the US. For the early US Department of Agriculture (under which the USDA Forest Service is located), eliminating bark beetles, defoliators, and other agents of tree mortality was a logical component of a larger vision of a regulated forest efficiently producing timber for human needs [40] . The federal government was sending scientists from the Bureau of Entomology on investigative missions as early as 1899 when Andrew Delmar Hopkins investigated insect concerns on forests in the Pacific Northwest [40] . The young Forest Service was experimenting with new insect detection and control strategies on federal lands from the early years of the 20th century [41] . The federal government consolidated its authority to conduct cross-boundary research and management of forest insects in 1947 via the Forest Pest Act [42] . This authority was later affirmed and expanded via policies such as:
•
The Forest and Rangeland Renewable Resources Research Act of 1978-which builds on a similar act in 1974 [43] . This act states that the federal government has a substantial role in the "health, productivity, and sustainability of the forests and rangeland of the United States" including on public and private lands. Further, the international component of forestry was acknowledged, and research activities were expanded to a global scale. The principal revisions relating to forest health are found in Section 3(a)(3) (16 United States Code (U.S.C.) 1642), which authorizes research for protecting renewable resources from "fires, insects, diseases, noxious plants, animals . . . " [44] . This act also required the USDA to conduct an inventory of forest resources. For example, the Forest Inventory Analysis (FIA), which in addition to reporting on the current status and trends of forests (species, size, type, growth, harvest, etc.), also includes an inventory of damage caused by insects and diseases [45] . [46] . Specifically, Title I Hazardous Fuels Reduction on Federal Lands established new environmental planning and analysis procedures for hazardous fuel reduction projects including those caused by insect epidemics on at-risk National Forest System and Bureau of Land Management lands, and provided other authorities and direction to help reduce hazardous fuel and restore forests and rangelands on lands of all ownerships. Title IV, Insect Infestations and Related Diseases, promoted the collection of monitoring data on insects and diseases that cause large-scale damage through partnerships with state, university, and private entities to assist with maintaining forest health. Section 404 allowed for "applied silvicultural assessments", expedited treatments of areas of up to 1000 acres of federal land considered to be infested or at high risk of infestation. This act was amended in the 2014 Farm Bill; Title VI, Section 602 (Designation of Treatment Areas) established priorities for projects in areas that would reduce and ameliorate insect and disease outbreaks [47] . Similar to areas designated for applied silvicultural assessments, these treatment areas were categorically exempt from determination of environmental impact significance under the National Environmental Policy Act (NEPA). Up to $200 million was authorized annually to carry out such treatments in National Forests. The 2014 Farm Bill also included a provision that amended HFRA to require the Secretary of Agriculture to designate landscape-scale insect and disease treatment areas in response to a petition by the relevant state governor; an additional categorical exclusion under NEPA was included in the bill [47] .
• The "Wyden Amendment" (Public Law (P.L.) 105-277, Section 323) authorizes the USDA Forest Service to enter into cooperative agreements with "federal, tribal, state and local governments, private and nonprofit entities and landowners" to benefit federal lands and related investments at the watershed scale [48] . These agreements may support or conduct invasive species management activities on aquatic and terrestrial areas owned by non-USDA Forest Service entities to benefit and protect national forestlands and other resources within a watershed at risk from invasive species.
Federal policy content specifically focused on forest insects has become more common in recent proposed and enacted congressional legislation [32, 49] , largely driven by the growing scale and incidence of outbreaks nationwide. In many ways, questions of insect policy have become embroiled in larger debates regarding the purposes of federal forestlands and the prudence of expediting silvicultural treatments as a response to both insect and wildfire risk [32, 49] . Indeed, the concept of "forest health" has itself emerged as a highly contested concept in policy debates over federal forest policy [17, 29] . As recently as December 2018, Executive Order 13855 specifically identified insects as a contributing factor to the loss of forest and rangeland health nationwide and ordered the Secretaries of Interior and Agriculture to "identify salvage and log recovery options from lands damaged by fire during the 2017 and 2018 fire seasons, insects, or disease" [50] .
In addition to formal federal policymaking responses to forest insect outbreaks, the creation of regional place-based networks as a means of providing direction and resources for outbreak response has been observed in some geographies [51] [52] [53] . These networks function to build consensus regarding management response, attract public investments in response plans, innovate practical solutions to problems encountered in implementation, and leverage the capacity existent among the various federal, state, local governmental, private, and civil society network partners. The limited research to date on these networks indicates that they may take advantage of recent forest policy tools and authorities to leverage greater treatment outcomes once consensus has been established [51, 53] .
Overall, the task and mandate of the USDA Forest Service to protect and maintain forests (especially in National Forests) from forest health issues as defined by federal policy has increased, while the funding and resources to accomplish it have significantly decreased. This trend has been in place for at least two decades, and greatly hampers the recovery and restoration of forest stands. In the case of native insects achieving pest status, some of the forest health issues appear to be emerging primarily from the National Forests in the southeastern region [54] . An example is that of the Oconee Ranger District in the Chattahoochee National Forest System in Georgia, which has had extensive Ips and southern pine beetle outbreaks, while private properties surrounding the District had low levels of bark beetle infestations (personal observations). Similar trends have been observed for southern pine beetle outbreaks in some National Forests in Mississippi [54] .
Through its Forest Health Management (FHM) program under the State and Private Forestry program of Forest Health Protection (FHP), the USDA Forest Service assists non-federal government agencies-state and municipal-in evaluating and providing early warning on threats from both native and non-native forest pests [55] . The FHM program provides data, reports, maps, and consultation with experts to natural resource managers, landowners, policymakers, researchers, and analysts. For example, the $73 million Southern Pine Beetle Prevention Initiative, which (among other outcomes) led to landowner incentive payments to conduct pine plantation thinning and prescribed burning to reduce susceptibility to the southern pine beetle [56] . However, funding for the USDA Forest Service-FHM program has been reduced significantly in recent years. In Fiscal Year 2011, Forest Health Protection received $132 million. The appropriation fell to $99.6 million by FY2016, then to $93.8 million in FY2018 [57, 58] . Thus, in the face of rising numbers of pests that need to be addressed, funding levels have fallen substantially.
The USDA Forest Service FHP also provides funding for various forest health projects related to evaluating the risk of insects and diseases, pesticide impact assessment, biocontrol of invasive plants, and new technology on the prediction and management of insects and diseases [59] . Many of these grants serve as a backbone for forest health projects developed collaboratively between universities and federal and state entities. Similar to other programs, funding has been drastically cut in the last decade, leading many scientists to search for alternative funding to achieve the same goals.
The USDA Forest Service Research and Development program funds in-house and extramural research on issues affecting the detection and management of insect pests. Funding for invasive species represents a small proportion of the total research and development budget and there is no specific line item for this function. Funding for research-both overall funding and funding targeting invasive species-has declined precipitously. Funding for invasive tree pests declined from $8 million in 2010 to $3 million in 2018. The Southern Research Station's research division had 70 entomologists and 50 pathologists in the mid-1980s (Figure 2 ). By 2007, the numbers had declined to about 25 entomologists and 14 pathologists, an average of~70% decline in number of dedicated research personnel which has had substantial impact on research activities (Figure 2 ). Similar trends are also present in other research stations across the country. 
Roles of the USDA Animal and Plant Health Inspection Service (APHIS) and Agriculture Research Services (ARS)
The US Department of Agriculture's Animal and Plant Health Inspection Service (USDA APHIS) has the principal responsibility for managing non-native insects and pathogens that attack native trees [60] . This includes preventing pests' initial introduction, implementing quarantines and other programs intended to eradicate or at least prevent further spread of pests that are introduced, and management of pests that have established.
USDA APHIS' programs are carried out primarily under the authority of the Plant Protection Act (PPA) of 2000 (7 U.S.C. §7701, et seq. (2000)) [61] . This statute authorizes the agency to regulate any living stage of any of the following that can directly or indirectly injure, cause damage to, or cause disease to any plant or plant product such as protozoans, nonhuman animals, parasitic plants, bacterium, fungus, virus, viroid, and infectious agents [61] . Also regulated under the PPA are biocontrol agents, organisms altered by certain biotechnical (genetic engineering) procedures, and noxious weeds.
The statute provides the legal foundation for USDA APHIS to regulate the importation, exportation, and interstate movement of plant pests and articles (including plants) that could transport these pests [62] . Regulation of pests within individual states is carried out by that state except in cases when the Secretary of Agriculture declares an extraordinary emergency. The Plant Protection Act prohibits importation or movement in interstate commerce (including by mail) of any plant pest unless otherwise authorized under a permit issued by USDA APHIS. Policies and regulations must be based on sound science, transparent, and accessible. USDA APHIS, thus, has broad authority to take a range of actions including holding, seizing, putting under quarantine, applying various remedial measures to, destroying, or otherwise disposing of any plant, plant product, other article, or means of conveyance, that threatens to move a regulated plant pest. USDA APHIS may also order the owner of any of the regulated articles (or their agents) to take required actions.
USDA APHIS inspects imports of living plants at one of its 16 Plant Inspection Stations [63] . All other imports such as fruits, vegetables, and grains for consumption and miscellaneous merchandise in packaging made from wood are inspected by the US Bureau of Customs and Border Protection (CBP), a division of the Department of Homeland Security [64] . In carrying out these inspections and associated treatment or disposal decisions, the CBP follows protocols and rules established by the USDA APHIS, thus broadening their authority.
Similar to other federal agencies, USDA APHIS' actual efforts to manage plant pests-especially those that threaten tree species-have been severely hampered by funding shortfalls. Funding for the management of "tree and wood pests" has declined from $85 million in 2009 to $54 million in 2018. At the same time, the number of pests has risen and the extent of known infestations and difficulty of addressing them have also increased. Among high-risk insect pests that USDA APHIS has not officially designated as "quarantine pests" are redbay ambrosia beetle, spotted lanternfly (Lycorma delicatula (White)), and polyphagous and Kuroshio shot hole borers (Euwallacea spp.). USDA APHIS does provide some funding to address these pests, especially through grants funded through the Plant Pest and Disease Management and Disaster Program ( §7721 of the Plant Protection Act).
Under 7 U.S.C. §7772, USDA APHIS also has authority to access "emergency" funds from funds available to the Department of Agriculture. These funding sources are not subject to annual appropriations. However, the agency's access is tightly controlled by the Office of Management and Budget. At the beginning of 2018, e.g., USDA APHIS accessed $17 million in emergency funding to address the expanding spotted lanternfly outbreak [65] .
The USDA Agriculture Research Services or USDA ARS aims to find and transfer solutions to major agricultural issues in the US. Their mandate is much broader than the USDA Forest Service as they mostly focus on nutritional and food crop systems but do include "natural resource base and the environment" as part of their mission statement [66] . Under their National Programs 303-Plant Diseases and 304-Crop Protection and Quarantine, the USDA ARS scientists work on new pests and pathogens that are detected within the country to provide technical information related to their detection, monitoring, epidemiology, and management [67] .
Farm Bill
The 2008 Farm Bill (P.L. 110-234) established the Plant Pest and Disease Management and Disaster Program, which provided permanent funding drawn from the Commodity Credit Corporation to support enhanced pest analysis, improved pest surveillance, improved pest identification and technology enhancement, targeted domestic surveillance, enhanced mitigation capabilities, safeguard nursery production, and outreach [68] . The Agricultural Act of 2014 (known as the 2014 Farm Bill, P.L. 113-170) amended the Plant Protection Act to combine the National Clean Plant Network and the Plant Pest and Disease Management and Disaster Program, making them permanent [69] . It raised the authorized funding level for the combined programs to $62.5 million per year from FY2014-FY2017 and $75 million per year in FY2018 and beyond. The program now operates under Section 7721 of the Plant Protection Act (7 U.S.C. Section 7721). During 2014-2017,~$63 million in Commodity Credit Corporation funding was provided under this program [70] . In 2019 alone, the Plant Pest and Disease Management and Disaster Program funded about $60 million in programs related to enhancing plant pest/disease analyses and surveys, targeting domestic inspection activities at vulnerable points, pest identification and detection technology, enhancing mitigation capabilities, and rapid response [71] . Hence, the Farm Bill provides a substantial investment in the detection, quarantine, and control of pests and diseases in the US each year with variable funding levels. Over the past decade (as assessed from project reports), only about 10% of these funds has supported projects focused on forest pests and pathogens, and there is need for more funding targeted at critical forest health needs.
Conclusions
During the last few decades, there have been some major policies embedded as part of the larger farm and forestry bills that have indirectly and directly affected forest health issues in the US. While it is hard to quantify how these polices have directly shaped forest health and its management, such investments have been critical to allowing detection, control, and management to proceed as needed at multiple levels (e.g., [72] ) in addition to providing solution-driven research resources through collaborations with diverse agencies. It is also clear that these few policies are not enough-and much more are needed especially under variable climatic conditions to empower scientists and managers at all levels. Even in the wake of devastating pest outbreaks such those by bark beetles on federal lands, the federal policy response was quite weak [51] . Many forest policies, in fact, appear to be static, and changes are made largely to budgetary allocations [26] . In contrast, many more bills are proposed, very few of them move forward to become policy, and even fewer result in funding appropriations. For example, H.R. 4976-Empowering State Forestry to Improve Forest Health Act of 2018-was proposed with an objective to "improve forest health and forest ecosystems, including addressing native, nonnative, and invasive pests"; this bill did not pass [73] . From identifying an issue, working with Congress to propose a bill, to policy establishment and implementation is akin to turning around a massive ship, and this is certainly true for the forest health field.
Insect and disease policy on federal lands has increasingly reflected prevailing social and political contestations regarding the proper role of human intervention in relatively natural forest systems. The emergence of regional governance networks with access to various tools for planning, responding to, and recovering from insect outbreaks-as well as to scientific information-suggests possible constructive pathways forward through conflict to achieving adaptive responses. However, long-term declines in funding for federal forest management (especially when major portions of the USDA Forest Service funding are spent fighting fires each year) [58] complicate the ability of such networks to implement adaptive management at appropriate scales without substantial investments from other sources. USDA National Institute of Food and Agriculture, Agriculture and Food Research Initiative (USDA AFRI), another major funding agency that supports applied research, does not have a stand-alone program on forest health, which dilutes the funding pool through competition with other fields. Similarly, there are several commodity-driven funding programs focused on crop and orchard plants, but none on forest trees, which are also critical commodity products in many regions in the US (particularly the southeastern region).
Introduction, establishment, and spread of non-native insects and diseases are managed by a separate USDA agency, the APHIS. Under the Plant Protection Act, USDA APHIS operates under mandates to both facilitate international trade and "reduce, to the extent practicable" the associated risk of pest introductions (PPA Sec. 7701 (3))-this creates a balancing situation. Clearly, greater and more comprehensive phytosanitary measures are needed as many sources demonstrate that forest pest and pathogen arrivals and introductions continue to occur in the US [74] [75] [76] [77] [78] . Management of pests in these situations is also impeded by several factors including the difficulty in detecting them before they are established over a significant area, poor understanding of the insect's life cycle and spread potential, and sometimes opposition to management strategies such as removing of live trees and aerial spraying of pesticides or pheromone-infused particles [77] .
Reference [37] reviewed the impacts of non-native insects and diseases in the US and provided policy suggestions that may reduce their arrival and establishment by focusing on their major pathways and imported material (e.g., wood packaging and live-plant trade). Examples of suggestions include strengthening overseas relationships and enforcement of regulatory actions (home and abroad), increasing funding for all aspects of the invasion process (e.g., early detection, quarantine, eradication, control, etc.), and improved data collection and dissemination with input from an advisory board of scientists. Similar policy recommendations for native pestiferous species are notably scarce or absent. The combination of anthropogenic influences on forest conditions and on climatic patterns has allowed some native insects and diseases to behave-and to affect forests-in novel and unexpected ways through range expansion. Adaptive approaches to insect management will become more important than ever, and public policies will be important in setting the stage for forest restoration activities. Without the strong federal support, our forests will continue to be devasted, with major implications for their long-term resilience.
Many scientists have opportunities to be involved in policy advocacy, depending upon the guidelines of their respective agencies and institutions [79, 80] . Advocacy can include one-on-one contact (visit and/or call) with local legislatures, visiting them in Washington DC, and working through their stakeholders to reach lawmakers. Further, many scientific societies such as the Entomological Society of America (ESA) and the American Association for the Advancement of Science (AAAS) have well-developed and successful science policy fellowships. These programs acknowledge that scientists can play important roles in directing new laws and policies in their field, and that their expertise is needed for effective decision-making [81, 82] . These training programs also provide insights into the workings of the government, and federal funds being allocated to various fields, thus allowing for greater visibility of the available funding pool. Grassroots initiatives on advocating forest health issues are also being developed, for example for providing greater funding to insect and disease-host resistance research by several groups [83] . We expect that some of these local efforts will convene while maintaining their individual missions and agendas, for greater positive impact on forest health funding in the future.
Overall, we recommend a push for stand-alone major policy and funding efforts focused solely on enhancing the health of our forests. Such efforts will rebuild our capacity to respond effectively to insect and disease outbreaks, as they happen in real time. Policies that strengthen the research, outreach, and managerial capacity of federal agencies while also providing support to regional multi-stakeholder networks of practice would go a long way toward improving the acceptability and effectiveness of insect and disease management strategies and their impacts on US forests.
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